level of activity of hexokinase increased 1700/;, in red skeletal muscle (red portion of quadriceps), 50y0 in intermediate (soleus) , and 30% in white skeletal muscle (white portion of quadriceps) in rats subjected to a program of treadmill running. The only other change found in the levels of the glycolytic enzymes in white muscle was a 15 y0 decrease in lactate dehydrogenase activity. In red muscle a small but consistent decrease (approximately 20(%) occurred in the levels of activity of glycogen phosphorylase, phosphofructokinase, glyceraldehyde-3-phosphate dehydrogenase, pyruvate kinase, lactate dehydrogenase, and cytoplasmic aglycerolphosphate dehydrogenase in response to the exercise program. In contrast to the decrease in the levels of these enzymes in red muscle, the exercise induced a 50% increase in cytoplasmic can be induced in skeletal muscle by endurance exercise such as prolonged running. These include an increase in muscle mitochondria with an increase in the capacity to oxidize pyruvate and fatty acids (19, 28, 29) , an increase in muscle myoglobin content (26, 34) ) and an increase in the level of activity of hexokinase (23, 29, 37) . In p revious studies, no significant changes, other than the increase in hexokinase, were found in the enzymes of glycolysis in skeletal muscle (23, 29) . These studies were performed on muscles such as the gastrocnemius and quadriceps which, in rodents and a variety of other mammalian species, are a mixture of three fiber types which differ in their morphology and in their biochemical (2, 4, 36) and physiological (4, 7, 11) properties.
Various nomenclatures have been proposed for these three types of muscle in rodents (4, 10, 12, 16, 36, 41 This program has been found to result in a large increase in the capacity for prolonged running; it does not result in muscle hypertrophy (19, 34) . The animals were maintained at the final work level until sacrifice. This period varied from 2 to 10 weeks.
Muscle sampling. The runners were not exercised for 48 hr prior to sacrifice to permit them to recover from the acute effects of exercise. The runners and their sedentary controls were killed by decapitation and exsanguinated. were prepared in 100 mM potassium phosphate buffer, pH 8.2, containing 10 mM glutathione, 0.5 mM ATP, 5 mM MgSO4, and 30 mM NaF (27, 33). Homogenates for assays of the other enzymes were prepared in 175 mM KC1 containing 10 mM Tris-HCl, and 2 mM EDTA, pH 7.4. The homogenates were centrifuged at 600 X g for 10 min, and the supernatant fraction was used for the enzyme assays. This avoids the problems of high turbidity of the reaction mixture and settling out of large particles, which interfere with spectrophotometric assays when whole homogenates are used. In preliminary studies, in which the whole homogenate and the 600 X g supernatant fraction were compared, it was determined that, with the homogenization media used, the enzyme activities measured in the present study are not significantly different in the whole homogenate and the 600 X g supernatant fraction. Spectrophotometric assays were performed in a Gilford model 240 spectrophotometer in l-ml cuvettes, of l-cm light path, at 30 C. Reaction rates were proportional to enzyme concentration.
A unit of enzymatic activity is defined as the amount of enzyme that catalyzes the utilization of 1 ,umole of substrate per minute.
Glycogen (40), with the use of 5,5'-dithiobis(2-nitrobenzoic acid).
Protein was rneasured by the biuret method (13).
RESULTS
Red muscle. As shown in Table 1 , the level of hexokinase activity, per gram wet weight of muscle, increased more than 2.5-fold in the red portion of the quadriceps of the exercised animals.
When the 600 X g supernatant fluid obtained from whole-muscle homogenate was centrifuged at 28,000 X g to separate it into a "particulate" fraction and a 28,000 X g supernatant fraction, it was found that hexokinase activity was increased to the same extent (i.e., approximately 2. is not cl r, it does seem reasonab that some relationship that is optimal for the aerobic tabolism of carbohydrate must exist between the glycolytic e respiratory capacity of muscle. Such a ears to exist in normal heart muscle, wh rgy from aerobic rnetabolism, taking up la tate rather than forming it, even during catecholamine str (17) or strenuous work (25). At the other extreme, whi muscle, which has a poor blood supply and appears poorly equipped, in terms of its enzyme pattern, for prolonged activity, obtains most of its energy via anaerobic metabolism as evidenced by rapid glycogen depletion with production of large amounts of lactate ( , 7, 11) . Red skeletal muscle, like white muscle has a high capacity for glycolysis, but, in addition, has a high respiratory capacity. As a result of the adaptive increases in hexokinase activity and respiratory capacity and the decrease in glycolytic capacity induced by endurance exercise, red skeletal muscle becomes more like heart muscle in its enzyme tterns ( Fig. 1 ) Intermediate skeletal muscle, like heart uscle, appears to obtain its energy almost entirely from aerobic metabolism during pr longed activity (3, 7, 11) . However, its capacities both for glycolysis and for respiratio are lower than those of heart muscle. Intermediate muscle also becomes more like c muscle when it adapts to exercise as a result of incre both its glycolytic and its respiratory capacities ( IO.
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terns of fast and slow twitch skeletal muscle contracting in situ. Arch. Ges. Physiol. 334:345-356, 1972. 
